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PURPOSE: To provide a method for growing InGaN which can grow InXGa1-XN with X value within 0<X<1 and has 
improv d crystallizability indicating a strong light emission between bands of InGaN. 
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* NOTICES * 

Japan Patent Off ice is not responsible for any 
damages caused by the use of this translation. 

1. This docum nt has been translated by comput r.So the translation may not reflect the original precis ly. 

2. shows th word which can not b translated. 
3.1n the drawings, any words are not translated. 

claims ~ ~ TTTTTTZTTT ^TT 

[Claim(s)] 

[Claim 1] General formula InXGal- The growth method of the indium-nitride gallium characterized by irradiating the 
I ctromagnetic wave which has larger energy than the bandgap energy of the indium-nitride gallium during the 

aforementioned indium-nitride gallium growth in a growth side in the method of growing up the indium-nitride gallium 
xpressed with XN (however, X 0< X< 1 ) by the organic-metal vapor growth. 

[Claim 2] The growth method of the indium-nitride gallium according to claim 1 characterized by growing up the 

aforem ntioned indium-nitride gallium on a gallium nitride. 
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DETAILED DESCRIPTION 



[Detail d Description of the Invention] 
[0001] 

[Industrial Application] this invention relates to the growth method of the indium-nitride gallium used for light emitting 

diode, laser diode, etc. 

[0002] 

[Description of the Prior Art] Generally, as for the bandgap energy (Eg) of InXGa1-XN, it is known that X will change to 
3.4eV - 2.0eV in 0<=X<=1 (Jounal of Applied Physics; VoL46, No.8, 1975. 3432-). 

[0003] As a method of growing up the IhGaN, it is called the MOCVD (Metal Organic Chemical Vapor Deposition) method 
for xample, below organic-metal vapor-growth {. } was used, and according to this method, InGaN was growing on silicon on 
sapphire at low temperature with a growth temperature of 500 degrees C - 600 degrees C. That in which the decomposition 
pressure of InN in InGaN will turn into about 10 or more atmospheric pressure, InGaN will almost decompose into, and the 
melting point of about 500 degrees C and GaN will be formed for it if it grows up InGaN at the elevated temperature of 600 
degr es C or more, since the melting point of InN is about 1000 degrees C is because it becomes only the sediment of the 
metal of Ga, and the metal of In. Therefore, when it was going to grow up InGaN conventionally, growth temperature had to 
be h Id at low temperature. 

[0004] Even if the crystallinity of InGaN which grew under such conditions was very bad, for example, it performed 
photoluminescence measurement at the room temperature, most luminescence between bands is not seen, but 
luminesc nee from a deep level is [ only being observed slightly and ], and blue luminescence was not observed. And ev n if 
it was going to detect the peak of InGaN by the X diffraction, a peak was hardly detected, but the crystallinity of the actual 
condition was close to the amorphous-like crystal rather than the single crystal. 

[0005] Recently, the report into which InGaN was grown up on silicon on sapphire at 500 degrees C - 800 degrees C has 
accomplished by the MOCVD method (Applied Physics Letter; Vol.59, No28, 1991, 2251 -). According to this report, there is 
no InGaN grown up at 800 degrees C with the sediment of metal, and a bird clapper, and it is shown by by supplying the 
ammonia used as a nitrogen source, and In gas so much that crystallinity is improving rather than what was moreover grown 
up at 500 degrees C. However, the crystallinity of obtained InGaN was still bad, luminescence between bands of InGaN was 
not obs rved at a room temperature, but its luminescence from a deep level was dominant. Furthermore, since it was easy 
to d compose InN at the growth temperature of 600 degrees C or more, it was difficult to grow up InXGa1-XN which makes 
X value 0.2 or more. 
[0006] 

[Problem(s) to be Solved by the Invention] In order to obtain luminescence devices, such as light emitting diode and laser 
diode, it is quality and the crystallinity of the material which forms a light emitting device must be made into the 
outstanding thing. In InXGa1-XN, in spite of bandgap energy's changing and making the luminescence wavelength with the 
range of 365nm - 620nm by changing the X value arbitrarily, the report referred to as that luminescent material and 
outstanding InGaN of crystallinity which is made were still obtained is not carried out. 

[0007] Therefore, this invention is accomplished in view of such a situation, X value can grow InXGa1-XN in 0< X<1, and the 
place made into the purpose offers the growth method of InGaN excellent in the crystallinity from which strong 
luminescence between bands of InGaN is moreover obtained. 
[0008] 

[Means for Solving the Problem] As a result of repeating much experiments in growing up InGaN, by supplying from the 
outside bigger energy than the bandgap energy of InGaN which it is going to grow up during growth, we newly find out that 
the above-mentioned problem is solvable, and came to accomplish this invention. That is, the growth method of InGaN of 
this invention is characterized by irradiating the electromagnetic wave of larger energy than the bandgap energy of the 
indium-nitride gallium during the aforementioned indium-nitride gallium growth at a growth side in the method of growing up 
the indium-nitride gallium expressed with general formula InXGa1-XN (however, X 0< X< 1) by the MOCVD method. 
[0009] The bandgap energy (Eg) of InXGal-XN is searched for experimentally, for example, can be computed by the 
following formula (Jounal of Applied Physics; Vol.46, No.8, 1975, 3432-). 
Eg=EgGaN, +EgInN, and (X)-B-X (1-X) 

Among a formula, in the bandgap energy of GaN, 2.0eV and B of 3.4eV and EglnN are the Boeing parameters in the bandgap 
energy of InN, and EgGaN is about 1.0eV. For example, when it is going to grow up InXGa1-XN which makes X value 0.4 or 
more, Eg of In0.4Ga0.6N is 2.6eV, and since the wavel ngth with 2.6eV bandgap energy is about 477nm, it can grow up 
InXGa1-XN which makes X valu 0.4 or more by irradiating the I ctromagnetic wave (for xample, ultraviolet rays) of short 
wavelength rath r than 477nm. However, it is not necessary to say making the mole ratio of the gas of the source of an 
indium to a gallium or more into 0.4 during growth. 

[0010] As an lectromagnetic wave which irradiat s during InGaN growth, bandgap energy 2.0eV of InN, i.e., the light of 
wavelength shorter than 620nm, ultraviolet rays, an X-ray, etc. can be mentioned. Also in it, as the desirable light source, 
lamps, such as the light, a high-pressure mercury lamp which emits ultraviolet rays, a xenon lamp, and a ultraviolet ray 
lamp, can be used, the light of these light sources can be condensed with a lens, and a growth side can be irradiated. 
Moreover, the large light source of an emission-band region can be ac_ust d to below desired wavelength by letting a filter 
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pass like a x non lamp. 

[0011] As mat rial gas used for th MOCVD method, organom tallic compound gas, such as trim thylindium (TMI) and 
tri thylindium (TEI), can be used for example, for th source of a gallium, gas, such as- ammonia (NH3) and a hydrazine 
(N2H4), can be preferably used for a nitrogen sourc as trimethylgallium (TMG), triethylgallium (TEG), and a source of an 
indium, and InGaN can be grown up by injecting thes gas toward the substrate mix d and h at d with carrier gas. Although 
SiC, Si, ZnO, sapphire, etc. can be used for a substrate, sapphire is usually used. 

[0012] As for growth temperature, it is desirable to ac(just to the range of 600 degr es C - 900 d gre s C. Although it is 
possible to grow up InGaN also at temperature lower than 600 degrees C ( sine it b comes it easy to d compose InN into 
th inclination which s rves as bad crystalline InGaN like befor though the crystal of InGaN can make it hard to be able to 
carry out since th crystal of GaN cannot grow easily that it is 600 degrees C or less as described above oh, to be ** and 
temperature higher than 900 degrees C, it is in the inclination for InGaN to tend to turn into GaN. Moreover, when growing 
up in the range of the aforementioned growth temperature, by using the carrier gas of material gas as nitrogen, 
decomposition of InN can be suppressed and crystalline good InGaN can be obtained. 

[0013] Furthermore, since the direction grown up on GaN can make lattice constant non-** small rather than forming 
InGaN directly on a substrate, InGaN excellent in crystallinity is obtained. 
[001 4] 

[Function] Drawing 1 is drawing which irradiated helium-Cd laser in ordinary temperature, and measured the spectrum of 
th photoluminescence by the MOCVD method to In0.4Ga0.6N grown up at the growth temperature of 700 degrees C on 
th GaN layer, carrying out UV irradiation. On the other, hand, drawing 2 is the spectrum view of the photoluminescenc of 
In0.4Ga0.6N which did not carry out UV irradiation but was grown up at the growth temperature of 500 degrees C on silicon 
on sapphire. 

[0015] Although In0.4Ga0.6N which carried out UV irradiation and was grown up has luminescence between bands strong 
against the position (near 475nm) of the bandgap energy as the composition ratio so that it may understand, even if it 
compar s these drawings, InO.4GaO.6N obtained by the conventional method has bad crystallinity, and luminescence 
b twe n bands of InGaN cannot be detected at all, but is understood that luminescence from a deep level is dominant. In 
addition, the luminescence intensity of the vertical axis of drawing 2 expands the luminescence intensity of drawing 1 by 20 
tim s, and is understood whether the crystallinity of InGaN according also from this to the method of this invention is 
[ how ] excellent. 
[001 6] 

[Example] Hereafter, the growth method of this invention is explained in full detail in the example based on a drawing. 
Drawing 3 is the outline cross section showing the composition of the principal part of the MOCVD system used for the 
growth m thod of this invention, and shows the structure of the reaction section, and the gas schematic diagram which 
leads to the reaction section. The reaction container by which 1 was connected with a vacuum pump and the exhaust, the 
susceptor in which 2 lays a substrate, 4 rotates [ the heater at which 3 heats a susceptor, and ] a susceptor, and the 
control axis which carries out vertical movement, the quartz nozzle to which 5 supplies material gas aslant or horizontally 
toward a substrate, and 6 by supplying inert gas perpendicularly toward a substrate It is the light source which a conical 
quartz tube with the operation which material gas is pressed [ operation ] to a substrate side and contacts material gas to 
a substrate, and 7 go to a substrate, and 8 goes to the upper shell substrate 7 of the conical quartz tube 7, and irradiates 
light, mainly 436nm, The extra-high pressure mercury lamp of 200W which emit light (405nm and 365nm) is installed, and it 
has structure which is condensed with a lens 9 and can irradiate a substrate 7 uniformly. The organometallic compound 
sourc s, such as TMG and TMI, are evaporated by the bubbling gas of a minute amount, and are supplied in a reaction 
contain r by the carrier gas which is main gas. In addition, although not illustrated especially, the flow rate of each mat rial 
gas and carrier gas is controlled by the massHlow controller (MFC) installed in each gas line. 

[0017] [Example 1] The silicon on sapphire 7 often washed first is set to a susceptor 2, and the inside of a reaction 
contain r is enough replaced from hydrogen. 

[0018] Next, passing hydrogen from the quartz nozzle 5, at a heater 3, temperature is raised to 1050 degrees C, and is held 
f r 20 minutes, and silicon on sapphire 7 is cleaned. 

[0019] Then, temperature is lowered to 510 degrees C, a part for ammonia (NH3) 4 l./and TMG are held for 1 minute as a 
part for 27 micro mol/, and carrier gas from the quartz nozzle 5, passing hydrogen by part for 21./, and about 200A grows a 
GaN buffer layer. In the meantime, from the conical quartz tube 7, pouring 101. a part for /and nitrogen for hydrogen is 
continued by part for 101./, and a susceptor 2 is rotated slowly. In addition, the gas supplied from the conical quartz tube 7 
is also used as nitrogen, and passing it by part for 20l./in the meantime is continued. 

[0020] Only TMG is stopped after buffer-layer growth and temperature is raised to 1 020 degrees C. If temperature 
becomes 1020 degrees C, similarly will pass TMG by part for 60micro mol/by making hydrogen into carrier gas, it will be 
made to grow up for 30 minutes, and about 2 micrometers of GaN layers will be grown up. 

[0021] InGaN is grown up for 60 minutes, turning on the light source 8 and irradiating a substrate 7 at the same time it 
makes temperature into 700 degrees C after GaN layer growth, and it changes carrier gas to nitrogen, and pours a part for 
2micro mol/, and TMI by part for 2micro mol/and pours [ 21. a part for /and TMG ] nitrogen for ammonia by part for 41./. 
[0022] The wafer was picked out from the reaction container after growth, and when 10mW helium-Cd laser was irradiated 
and photoluminescence measurement was performed in the InGaN layer at the room temperature, strong luminescence 
b tw n bands of In0.4Ga0.6N was shown near 475nm. 

[0023] Growth t mperature is made into 650 degrees C after [ xample 2] GaN layer growth, th flow rate of TMI is changed 
into a part for 20micro mol/, and also InGaN was grown up like th xample 1. As a result of p rforming photoluminescence 
measurement of obtain d InGaN like an example 1, strong luminescence betwe n bands of InO.7GaO.3N was shown near 
510nm. 

[0024] The [example 1 of comparison] light source 8 was not turned on, and also InGaN was grown up like the example 1. 
When the spectrum of the photoluminescence of obtained InGaN was measured, luminescence from a broadcloth deep level 
was s n by per 550nm, and luminescence between bands has not be n obs rved. In order to confirm crystallinity, when the 
X-ray rocking curve of InGaN was measured, the peak of InGaN could not be det cted, but it became cl ar that the crystal 
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has become amorphous [-like ] from the half-value width. 

[0025] The [example 2 of comparison] light source 8 is not turned on, and also InGaN was grown up lik the xample 2. As a 
result of performing photolumin scence me'asurem nt of obtained InGaN lik an example 1, no luminescence was observed 
at th room temperature. 

[0026] InGaN which had many In ratios by carrying out UV irradiation lik this invention in the same growth temperature so 
that it might understand, even if it compar d an example 1, the example 1 of comparison, and an xample 2 and the example 
2 of comparison, and was moreover excellent in crystallinity can be grown up. 

[0027] As mentioned above, the reaction of the atom of In, Ga, and N only by h at energy will stop being able to progress 
easily, and InGaN will be consid red that crystallinity becomes bad, if growth t mp rature b comes low with 750 degrees C 
- 650 d gre s C, In ord r to comp nsat this heat n rgy, by newly supplying another energy by the I ctromagnetic wave 
like this invention, the atomic species on a substrate front face can be made more into activity, a reaction can be advanc d 
easily, and it is guessed that InGaN with many In ratios can be grown up. Moreover, the absorption of light happens in InGaN 
by irradiation of a larger electromagnetic wave than bandgap energy, an electron and a hole occur, an electromagnetic wave 
is transmitted to the atomic species of In, Ga, and N through this electron and a hole, and it is thought that there is an 
operation which promotes activation of these atomic species. 
[0028] 

[Eff ct of the Invention] As explained above, InXGa1-XN with large In ratio can be grown up by irradiating the 
electromagnetic wave which has larger energy than the bandgap energy of InGaN under growth during InXGa1-XN growth. 
Furth rmore, obtained InXGa1-XN shows strong luminescence between bands, and is excellent in the crystallinity which can 
be enough made into a light emitting device. Therefore, a luminescence device with a luminescence wavelength of 365nm - 
620nm which made InGaN the luminous layer can be made realizable by using the method of this invention. 



[Translation done.] 
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* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1. This docum nt has b en translated by computer. So the translation may not reflect the original pr cisely. 

2. **** shows the word which can not b translat d. 
3.1n th drawings, any words are not translated. 

DESCRIPTION OF DRAWIN GS 
[Bri f Description of the Drawings] 

QDj^awingJJ The spectrum view of phototuminescence measurement of InGaN obtained according to one example of this 
inv ntion. 

[Drawing 2] The spectrum view of photoluminescence measurement of InGaN obtained by the conventional method. 

[Drawing 3] The outline cross section showing the composition of the principal part of the MOCVD system used for one 

exam pi of this invention. 

[Description of Notations] 

1 R action container 2 Susceptor 

3 Heater 4 Control axis 

5 Quartz nozzle 6 Conical quartz tube 

7 Substrate 8 Light source 

9 L ns 
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DRAWINGS 



[Drawing 1] 
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[Drawing 2 ] 




[Drawing 3} 
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